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CHAPTER I

INTRODUCTION

Three different schools of thought are concerned with occlusion

today. They are: balanced occlusion, mutually protected occlusion,
and group functioned occlusion.

The ideas of Bonwill (1864),^ Von Spee (1890),®^ Monson (1920),^^
and Wadsworth (1924)

developed the theory of balanced occlusion which

was based on the assumption that the masticatory forces occur horizont

ally, not vertically. This theory states tliat every tooth must touch in
centric occlusion and simultaneously in all degrees of mandibular move
ments. At the beginning of this century, this idea had become more or
less universally accepted.

McCollum (1921) discovered the first positive method of locating

the hinge axis, which was considered a milestone in dental research.^®
With H. Stallard, he coined the word "gnathology" to describe the study
and treatment of the entire mouth as a functioning unit. In 1920

McCollum^® developed the first instrument capable of duplicating move
ments of the mandible. In cooperation with C. E. Stuart in 1934,^®
he developed the first instrument capable of recording mandibular
movements.

McCollum presented balanced occlusion as the most ideal for

oral rehabilitation. He seemed to accept the prevailing ideas of those

days without reservation. His theory was endorsed by Granger (1962),^^
who is one of the most recent avid defenders of balanced occlusion. It

was a prosthodontic concept based on developing stability for denture
bases which is still adhered to by certain orthodontists and a few
gnathologists.

Orton (1933)^^ reported that patients who have a normal periodontal condition do not necessarily have a perfectly balanced occlusion.
oc

Lucia (1961)

reported the failures in balanced occlusion

follows:

1. Excessive wear: The finely articulated surfaces become flat

as soon as any wear takes place. These flat surfaces, particularly in
idling or "balanced" position, become sources of interference with each
other, resulting in traumatic occlusion.

2. Occlusal contact: During centric occlusal contact the cuspto-fossa relationship exists only in part of the molar contacts. The

bicuspid cusps function in opposing embrasures, making wedging and
tooth drifting possible.

3. Vertical vs. horizontal forces: There are large areas of tooth

contact and broad occlusal surfaces which impart horizontal vectors of

force on the roots of the teeth, thereby contributing toward periodontal
trauma and/or traumatic occlusion.

H. K. Box (1940)^ and G. E. Hay (1939)^^ looked with favor on

worn, cuspless teeth and contended that teeth with prominent cusps

frequently induce traumatogenic lateral forces. Increased stress
inducing physiological hypertrophy of periodontal fibre groups and strong
supporting bone is commonly found on well-worn teeth in which the
loading is axial.
Flatter teeth are more likely to transmit the vertical stresses,

which Messerman^® states are so favorable, than are the deep-cusped
teeth favored by the school of thought which he follows.
About 1950 some of the original proponents began to question

the desirability of balanced occlusion. Stuart and Stallard, making use
of the observations of the late D. M. Shaw and of A.D'Amico (1958),
began to advocate the desirability of cusp-to-fossa balance and

mutually protected occlusion.
Mutually protected occlusion is characterized by four facts;
1.

Centric: All the posterior teeth contact evenly when the jaws

are closed in centric relation occlusion. The anterior teeth are very
lightly in contact.
2. Working side position: Canine, lateral, central, or any

combination of these, act to separate the posterior teeth. No posterior
teeth make contact once the jaw leaves centric relation position.
3. Balancing side position: No tooth contacts are permitted on

the balancing side in any eccentric position except with anterior teeth.
4. Protrusive position: There is no posterior tooth contact when

the maxillary and mandibular anterior teeth make contact throughout the
protrusive range.

D'Amico (1958)^^ stated:
The length of the roots of the canines and their interlock
ing position are definitely for the purpose of limiting lateral
excursions of the mandible. This relationship restores the
desirable hinge movement of the mandible when the opposing
teeth come into functional contact, and the normal shearing
and cutting action of the cusps of the premolars and molars
which is typical of the frugivorous-carnivorous species.
Because of these functions, the canine can be called 'stress
breaker' of the natural dental arch.
O C

Lucia (1961)

reported contraindications for mutually protected

articulation as follows:

1. The cuspids are either missing, very badly involved periodontally, or so mutilated that they could not possibly bo used in a
"mutually protected" arrangement.
2. If the cuspid must be splinted to the adjacent teeth, the
proprioception is reduced and of little value.

3. If the cuspid is replaced by a pontic attached to the adjacent

teeth, the same condition exists—insufficient proprioceptive protection.
4. If the relation of the upper cuspid to the lower cuspid and
bicuspid is adverse to the extent that it cannot be restored to a

"mutually protective" position, here again is a condition that must
forego such an arrangement.

Group functioned occlusion as one of restorative's ideal occlusions,

is advocated by Schuyler (1963)^^'

57 ^^d supported by Lauritzen

(1951),^^ Ramfjord (1966),^*^ Schweitzer (1961),^®'

Shore (1959),^^

Cohen (1950),® and Pankey and Mann (1960).'^^ This occlusal philoso
phy is characterized by four facts:^®
1. Centric: All posterior teeth contact evenly when the jaws

are closed in the centric relation position. The anterior teeth may or
may not be in contact in this position.

2. Working side position: The maxillary buccal cusp inclines

make contact with the mandibular buccal cusps on the working side.
3. Balancing side position: There is no tooth contact on the side

opposite the working side.

4. Protrusive position: There is no posterior tooth contact when

the anterior teeth are placed edge to edge.
Brown, Schuyler, and Westbrook believe that centric relation

coincides with centric occlusion. But as there are few who have such an

occlusion, they insist it is more practical to give more range of move
ment in centric relation than to give centric position a certain point.
Because of this, centric position and centric occlusion have 0.5-0.75 mm

range in group functioned occlusion.^®

Schuyler^® reported that by introducing long (free) centric in
group functioned occlusion, patients can become comfortable within a

short while, after completing oral rehabilitation. With this theory, the
upper and lower arches are not stabilized v/ith each other in maximum

centric occlusal contact. Patients rebuilt in this manner may not be
comfortable because the lower jaw is constantly working for a stable

point of reference with the upper jaw. As the mandible slides back and

forth, excessive wear of the occlusal surfaces may take place over a
period of time.

Prothero (1914)^^ explains that the mandible is a lever of the
third class. So, the more distal teeth are located in the dental arch,

the more it is exposed to occlusal stresses. Schuyler^^ insists that
lateral forces have to be burdened by the posteriors and incisors of the

working side, but he fails to correlate the greater occlusal stress of the
most posterior molar compared to that of the anterior teeth which are

located farther away from the fulcrum of the hinge axis.
It is felt that optimum occlusal function is provided with
mutually protected occlusion. It is the most harmonious method to

distribute the functional forces to the occlusion; it protects against
non-functional forces, as well as adding to overall health of the
periodontium.

To support these three concepts, many studies have been under
taken to understand the magnitude and distribution of the forces of
mastication.

There is a paucity of data regarding quantitative muscle function.

According to Rowlett (1932, 1933),

the construction and use of gnatho-

dynamometers for measuring the biting forces dates back to 1681 when

Borelli, in Italy, devised an apparatus and recorded about 430 pounds of bite

strength. Denise (1893)^® did biting measurements on 46 adult subjects

o

and found 65 to 85 pounds of muscle pressure. Black (1895) used the
gnathodynamometer which operated by means of a spring. He reported
around 170 pounds of biting force. Gunter found 143 pounds of biting
stress on men, 99 pounds on women, and 84 pounds on children,

mentioned by Rowlett (1932, 1933).^^ Taylor (1936)^^ did biting
measurements on 300 male and female subjects and registered from 10 to

155 pounds of force. Waugh (1937)^^ collected data for biting stress of
151 natives in the most primitive villages in Alaska and found in male

adults between 200-340 pounds of stress, whereas in female adults

there was between 200-326 pounds. Brawley and Sedwick (1940)^
observed that the values for biting pressure for both sexes showed a
gradual increase with age and the total increase in biting pressure over
the eleven-year period was 58 pounds and slightly over 5 pounds per
year. They did not find any significant difference between values for

males and females. According to VVorner and Anderson (1944),^^ after
puberty the rate of increase in biting strength seems to be slightly
O O

greater with boys than with girls. Leff (1966)

observed the average

maximum biting pressure on incisal areas at centric was 11 pounds, 10

pounds on lateral position, 55 pounds on protrusive position, and 19

pounds on retrusive position. Sassouni (1969)^^ reported that skeletal
open bite patients had a closing force between 50 to 80 pounds, whereas

closed bite patients had between 150 to 200 pounds of force. Yildrim^®
measured the opening forces of the mandible in 1970. Although consid
erable interest has been shown in the measurements of forces exerted

during mastication with natural and artificial dentitions, there have not
been "in vivo" studies done on the protrusive forces a patient may
exert.

The diversity of the preceding information clearly demonstrates
that there is much to be done before the magnitude, direction, and
effects of forces of mastication can be related scientifically to the con
cepts of occlusion. It is felt that by studying the maximum protrusive
forces patients can exert, a better and more scientific understanding of
the stresses placed on the anterior teeth will result.

,a-,|., • X.
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CHAPTER II

METHODS AND MATERIALS

Maximum protrusive forces of the external pterygoid muscles
have not yet been reported in dental literature. These muscles have

been interpreted as being the primary muscles responsible for the
protrusive action of the mandible. An experiment was devised to

measure this force bilaterally. Briefly, it consisted of laying the
patient in a supine position and subjecting him to weight lifting
exercises with his mandible. Thirteen individuals were selected at

random. Six were males, seven were females.
On the initial visit, an arbitrary hinge axis was marked 13 mm

forward and 7 mm down from the Frankfurt line, as described by Doctor
32

48

Prothero. '

A Swanson facebow was then used to determine the

intercondylar distance and the condyle-gnathion distance (Figure 1).
Following this, maxillary and mandibular alginate impressions were
taken in the standard manner.

The impressions were poured with stone and the study casts
mounted with the aid of a facebow on a Whip Mix Articulator (Whip Mix

Corp.). The angle of the eminence and side shift angles on the articu
lator were set from the centric and lateral wax bites taken at this

visit. Upper and lower acrylic clutches were made as follows:

1. After the study casts were mounted on the Whip Mix Articu-

lator, they were covered v/ith two layers of tin foil (0.001 in., Buffalo
Dental Co.).

2. Blue tray resin (Harry J. Bosworth Co.) was prepared and
molded over the tin foil.

3. A plastic attachment block (Dentonamics Co.) was attached
to the front of the lower clutch with freshly mixed resin material.

4. An 1/8-inch diameter screw, acting as an incisal guiding pin,
was attached to the lingual side of the lower clutch.

5. A slightly concave guiding plane surface was then formed in
the anterior palatal area of the upper clutch.

6. The upper and lower clutches had notches scribed from canine
to canine to facilitate ease of removal after the test.

7. The clutches were then smoothed and finished (Figure 2).
On the second visit, the clutches were cemented to the patient

and protrusive forces measured. The armamentarium utilized in the test
was as follows:

1. Plasto-paste (Harry J. Bosworth Co.) was used to stabilize
the upper and lower clutches intra-orally.

2. A clutch adaptor (1-1/4 x 3/4 x 5/8 in.) was used, with
hinges and set screws to secure a stainless steel yoke bar to the lower
acrylic clutch.

3. A stainless steel yoke bar (10 in. long x 1/4 in. diameter)

with holes at the ends was used to attach two cable wires.

4. Two cable wires (25 in. long) were used to connect the yoke
bar to the weight bucket.

5. A 6 X 9 X 9 inch iron bucket with a 3/8 inch diameter handle
was used to hold the weights.

6. Eighty-one pounds of weights were available as follows;
a. 8 5-lb. weights

b. 16 2.5-lb. weights

c. 4 1/4-lb. weights

After the patient was seated, the Frankfurt line and the angle of
the eminence were each marked on one side of the face. The mandibular

clutch was cemented to the teeth with Plasto-paste. After ten minutes

the excess Plasto-paste was removed and the clutch adaptor attached to
the lower clutch.

The patient was seated in a dental chair with an adjustable head

rest. The stainless steel yoke bar, cable wires, and weight pan were all

adjusted so the weights could be lifted without interference. The patient
was positioned so that the Frankfurt line was perpendicular to the floor
(Figure 3).

After practicing protrusive movements two or three times, the head

was adjusted to keep equal weight on both condyles, and testing was
started. To avoid patient fatigue, rest periods were given each time,

before more weights were added. Weight was added 5 pounds and/or
2-1/2 pounds at a time until protrusive movement became difficult. Then

1/4 pound weights were added until the maximum weight was obtained
that the patient could lift in a protrusive direction (Figure 4).
This procedure was repeated, after adjusting the headrest, so the

lifting force would be parallel with the angle of the eminence. Weight
lifting was then repeated and measurements recorded (Figure 5).
Plasto-paste was then applied to the upper clutch to cement the

clutch to the maxillary teeth. The incisal pin was adjusted until freedom

of movement between the upper and lower clutches in centric and pro
trusive positions was possible. The patient was then reclined until the

Frankfurt line was perpendicular to the floor, and weight testing was
accomplished as previously described.

In general, the absolute force of the muscles was recorded. By
utilizing a graduated scale between opposing clutches, it was discovered

that a greater protrusive distance (e.g. 1 cm) could be possible only with
less weight. On the other hand, protrusive movement from centric

relation of only short distances (e.g. 1-2 mm) was possible with maximum
weights. On six patients forces were measured at various distance

intervals during protrusion from centric relation (Figure 6).

The same process was then repeated with the angle of the emi
nence perpendicular to the floor.

The utilization of patients for this type of research requires
consideration of many physical and psychological factors which are
summarized below.

Physical Factors

1. It was felt that patients with temporomandibular joint discom
fort may not be able to give maximum protrusive values, so were not
considered for subjects.

2. No effort was made to determine whether patient's centric
relation and centric occlusion coincided. A large discrepancy in this
relationship could influence the results in two ways. The continual

contraction of the muscle fibers holding the occlusion in a compatible
acquired centric could result in excessive fatigue of the involved
muscles or the compensating muscles could become stronger because
they were used more.

3. Patients with a large number of missing teeth would not be
suitable subjects, for the stability of the clutches is of paramount
importance for accurate results, and many missing teeth would decrease

this stability significantly.
4. Certain subjects could protrude such a great amount of weight

that the mandibular clutch had to be reinforced to prevent breakage
during testing. This would bias the results if such patients were not
used.

5. Worner (1944)^^ stated that more consistent closure forces
could be obtained when a small amount of vertical opening was used.
This could be expected to apply to protrusive forces for this force is
also directly related to the efficiency of the muscles of mastication.

Therefore, a consistent amount of vertical opening should be utilized for
each patient in order to obtain more consistent data.

Psychological Factors

1. The personality of the subjects played an important role.
Those who were sensitive and could not withstand discomfort were unco

operative when a small amount of force was applied.

2. Patients who had undergone extensive bridge work or had

anterior porcelain jackets could be accepted only with caution. Psycho

logically these patients feared that the protrusive weight would damage
their restorations and, therefore, may have applied less than maximum
efforts to induce protrusive movements.

3. Unless the patient could cooperate fully, the results were felt

to be inaccurate. This required a thorough indoctrination of the testing
procedure used. Poor communication influenced cooperation and the
results were considered invalid.

4. The muscle tone of the lateral pterygoid should be considered
significant. This project did not attempt measurement of this tonus.

5. All testing for each subject was done at one sitting. Although

the weight was removed between each trial, muscle fatigue could not be
eliminated. However, if testing was done over a number of visits, more
uniform results might have been recorded.

In summary, four measurements were recorded for each patient:

Two without upper clutch, two with upper clutch; two with forces parallel

to the Frankfurt plane, two with forces parallel to the angle of the
eminence.

All data was analyzed by the computer to find out the mean and
standard deviations. The "t" test was used to determine the significant

differences between each of the following groups: Force parallel to
Frankfurt line without maxillary clutch, force parallel to the approximate
angle of the eminence without maxillary clutch, force parallel to
Frankfurt line with maxillary clutch, force parallel to the approximate

angle of the eminence with maxillary clutch, "p" refers to probability
and is used statistically in connection with the "t" test to indicate the

degree of probable significant differences. For example, a "p" value
of 1.000 indicates that there is no difference between the compared
values. Therefore, as the value of "p" decreases, there is more
difference between the compared groups. It is generally accepted that

a "p" value of <.05 shows a significant difference between the compared
values. Consequently, for this study, significance was indicated by a

p<.05, borderline significance by .055p5.10, and results with a
p>. 10 were considered nonsignificant.
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Figure 2, Clutches--maxillary and mandibular
A. Slightly concave guiding plane surface
B. Guiding pin
C. Plastic attachment block

D. Clutch adaptor

a
I <1.

Figure 3. The Frankfurt line (blue line on the side of the face)
was parallel to the cable wires.
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Figure 4. Armamentarium
used for measurement of
protrusive force.

A. Stainless steel yoke bar
B. Two cable wires
C. Iron bucket

D. Weights
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CHAPTER III

RESULTS

Table I presents physical examination of the subjects. The
maximum protrusive forces are shown in Table 11. Table 111 shows the

relationship of protrusive force to distance traveled. Figure 7 presents
graphic illustration of Table 111. Table IV exhibits the mean and

standard deviation of variables for female subjects. Table V shows the
mean and standard deviation of variables for male subjects. Table VI
presents the differences between the measured forces for both sexes.

Table Vll exhibits the table of correlations of female and male subjects.
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TABLE I

PHYSICAL EXAMINATION

Patient #
Age

14

18

20

24

27

Weight (lb.)

135

128

95

128

105

Height (ft.)

5.4

5.3

5.2

5.5

5.3

5.5

5.5

5.125

5.25

4.75

5.0

5.0

4.625

5.125

4.5

35(13)
35(15)

36(20)
32(13)

45(15)
30(12)

37(20)
38(12)

35(15)
42(12)

35

34

37.5

37.5

38.5

Overbite (mm)

2.5

4.0

1.5

1.5

2.0

Overjet (mm)

4.5

3.0

2.5

1.5

2.5

no

no

no

no

yes

none

none

none

none

no

no

yes

yes

Sex

Inter-Condylar

Distance (in.)
Condyle-Gnathion

Distance (in.)
Angle of Eminence R

(Side shifts)
M.A.E.

Active Treatment

Wear Facets

L

(A, P, A&P)
Missing Teeth

no

Explanation of Table

M- male

M.A.E. - Mean Angle of the Eminence
A - anterior,
P - posterior

R - right

Active Treatment - extensive anterior

F - female

L - left

dental treatment

and/or posterior
extensive bridge

TABLE I continued

Patient #

6

7

8

9

10

Age

33

27

29

33

35

Sex

F

F

M

M

M

Weight (lb.)

125

110

130

110

Height (ft.)

5.7

5.1

5.7

5.4

6.2

5.375

5.75

5.75

5.25

6.2!

5.375

5.5

5.5

5.125

6.0

35(7)
35(9)

42(15)
45(20)

35(5)
36(7)

40(10)
37(17)

45(12)
35(20)

35.0

43.5

35.5

38.5

40.0

Overbite (mm)

2.5

3.5

5.0

3.5

1.5

Overjet (mm)

2.5

3.0

4.0

3.0

2.5

no

yes

no

no

no

P

P

A&P

A&P

A&P

no

yes

no

no

no

.

195

Inter-Condylar

Distance (inc.)
Condyle-Gnathion

Distance (in.)
Angle of Eminence R
L

M.A.E.

Active Treatment
Wear Facets

(A, P, A&P)
Missing Teeth
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TABLE I continued.

Patient #

Weight (lb.)
Height (ft.)
Inter-Condylar
Distance (in.)
Condyle-Gnathion

Distance (in.)

5.375

Angle of Eminence R

(Side shifts)
M.A.E.

L

35(12)
32(10)
33.0

40(10)
45(10)

35(12)
43(20)
39.0

42.5

Overbite (mm)
Overjet (mm)
Active Treatment

Wear Facets

(A, P, A&P)
Missing Teeth

1
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27.50

47.50

45.75

60.25
53.50

23.25

33.00

25.00

24.00

30.25
15.25
40.75

43.25
56.75

46.75
20.75

27.00
22.50

22.50
21.25
28.25

17.75
37.75

43.25
50.00
43.75

20.25
25.75

22.50

17.75

19.50

15.50

25.25

12.75

32.75

42.75

47.50

37.75

17.75

23.00

25.25

21.75

29.50

30.25

30.25

28.00

Force Parallel to

Frankfurt

27.25

23.25

34.00

25.75

36.50

33.25

Angle of Eminence

Force Parallel to

Force Parallel to

Angle of Eminence

Frankfurt

With Maxillary Clutch

Force Parallel to

Without Maxillary Clutch

MAXIMUM PROTRUSIVE FORCES (lbs.)

TABLE II

Protrusive

Force (lbs.)

6

2

1.5

3

4

9
8

3

Traveled (mm)
5

11
13

9

11.5

7

10.5

Distance

Patient Number

RELATIONSHIP OF PROTRUSIVE FORCE TO DISTANCE TRAVELED

TABLE III

I

I

t

I

I

I

!

I

:

1

2

3

4

5

6

7

8

9

I

10

■

I

11

12

Distance Traveled (mm)

Patients #3, 4, 5, 8, 9, and 13 were measured for this Relationship of
Protrusive Force to Distance Traveled.
(3)
refers to Patient #3.

Figure 7. Relationship of protrusive force to distance traveled.

TABLE IV

MEAN AND STANDARD DEVIATION OF VARIABLES
FOR FEMALE SUBJECTS

Variables

1.

PFWO

2. PAEWO
3.

PFW

4. PAEW
5.

AGE

6. INTD
7.

DCONGN

Mean

Standard Deviation

20.18

5.41

24.21

4.41

25.64

6.09

29.96

4.81

23.29

6.42

5.32

.32

5.02

.36

32.34

14.43

8.

MiAE

9.

DPFWWO

5.46

2.87

10.

DPAEWWO

5.75

2.06

11.

DFAEWO

4.04

1.29

DFAEW

4.32

1.69

12.

Explanation of Variables

PFWO - parallel to the Frankfurt line without upper clutch
PAEWO - parallel to the Angle of the Eminence without upper clutch
PFW - parallel to the Frankfurt line with upper clutch
PAEW - parallel to the Angle of the Eminence with upper clutch
AGE - age

INTD - intercondylar distances
DCONGN - distance for Condylar to Gnation
MAE - mean of the Angle of the Eminences-

DPFWWO - differences between parallel to Frankfurt line with and
without upper clutch (1-3)
DPAEWWO - differences between parallel to the Angle of the

Eminence with and without upper clutch (2-4)
DFAEWO - differences between parallel to Frankfurt line and the

Angle of the Eminences without upper clutch (1-2)
DFAEW - differences between parallel to Frankfurt line and the

Angle of the Eminences with upper clutch (3-4)

TABLE V

MEAN AND STANDARD DEVIATION OF VARIABLES
FOR MALE SUBJECTS

Mean

Variables

Standard Deviation

33.58

11.48

2. PAEWO

36.79

11.50

3. PFW

38.92

13.55

4. PAEW

42.92

14.65

5. AGE

37.67

6.80

1.

PFWO

6.

INTD

5.88

7.

DCONGN

5.58

8.

MAE

38.08

3.37

9. DPFWW^O

5.33

3.85

10. DPAEWWO

6.13

4.19

11. DFAEWO

3.21

1.98

12. DFAEW

4.00

2. 19

I

'a-

"i*
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28

TABLE VI

THE DIFFERENCES BETWEEN THE MEASURED FORCES
FOR BOTH SEXES

Variables

P value

1. PFWO

.0183

2. PAEWO

.0211

3. PFW

.0390

4. PAEW

.0486

5. AGE

.0024

6.

INTD

7.

DCONGN

.0161

8.

MAE

.3634

9.

DPFWWO

.9453

0285

10. DPAEWWO

.8373

11. DFAEWO

.3831

12.

.7702

DFAEW

Significance:

P<.05 is considered as significant.

.05~P<.10 is considered as borderline significant.
P>.10 is considered as nonsignificant.

#

,'k

TABLE VII

CORRELATIONS OF FEMALE AND MALE SUBJECTS

Variables

Female P value

Male P value

1. PFWO

PAEWO

.0000

.0003

2.

PAEW

.0001

.0001

3. PFWO

PFW

.0086

.0017

4. PAEWO

PAEW

.0052

.0008

5.

MAE

PFWO

.1850

.4928

6.

MAE

PAEWO

.1848

.3348

7.

MAE

PFW

.2309

.3777

8.

MAE

PAFW

.2095

2722

PFW

Significance:

P<.05 is considered as significant,

.05^P^.10 is considered as borderline significant,
P^.10 is considered as nonsignificant.
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CHAPTER IV

DISCUSSION

Waugh (1937)^^ stated that biting force seems to be greater in
males than females. However, Brawley and Sedwick (1938)^ did not
find any difference between measured biting forces for males and

females. Shiere (1955)

9

found that there was no statistically signifi

cant relationship in the masticatory performances between the sexes.
The relationship of sex to various protrusive forces is shown in

Table VI. Note that there were significant differences between male
and female subjects when the Frankfurt line was paralleled with and
without a maxillary clutch. Significant differences also resulted when
sex was compared to the maximum protruded when the approximate angle

of the eminence was paralleled with and without a maxillary clutch.
This is shown in the first four variable groupings of Table VI. The
inter-condylar and condylar-gnathion distances also showed significant
differences when compared by sex.

Collaborating Waugh's findings, this investigation found that

male subjects tend to produce greater forces than females. A possible
explanation for the greater protrusive forces found is the stronger
muscular and larger skeletal development exhibited by males.
The results of protrusive forces exerted are given in Table 11 and

Table VII. Table II shows that the greatest protrusive forces were re

corded when the approximate angle of the eminence was paralleled and
the upper clutch used. As would be expected, the minimum protrusive
forces were recorded when the Frankfurt line was paralleled and a maxil
lary clutch was not used. The direction of the protrusive force made a
significant difference in values recorded for both males and females

Clable VII). A possible explanation of this might be the direction of the

external pterygoid muscle fibers (Figure 8)^^. They were nearly parallel to
to the angle of the eminence which might result in greater efficiency when
the fibers contracted. Because of this, "frictional" force would be evi

dent when the condyles moved in a protrusive direction. The presence of
a maxillary clutch also altered the recorded force significantly (Table VII).
It is believed that the presence of a guide pin, plane on the maxillary

clutch eliminated interceptive interferences when moving in a protrusive
direction. This relationship also allowed the mandible to maintain a
stable contact with the maxillary clutch throughout the testing procedure.
Figure 7 compared the values given in Table III. All patients

showed an overall proportional decrease in the weight protruded as the
protrusive distance increased.

Notice that the maximum force was

attained at a protrusive distance of 1.5 to 2.0 mm from centric. Even

though a large difference in these maximum values existed between

patients, the protrusive force for all patients decreased to 5-8 pounds
when the protrusive distance reached 10-12 mm. This is indicative of

the relatively proportional decrease in muscle efficiency when the fibers
contracted past their optimum operational point of maximum efficiency.

Brawley and Sedwick (1940)^ stated that the values for biting

pressure showed a gradual increase with age. However, White (1967)^®
found that age was not significantly correlated to maximum biting force.

Consistent with White's findings, this investigation did not find any sig
nificant difference when age and protrusive forces were correlated.
Table IV shows that females could exert 4. 13 pounds (20%) more

protrusive force (without a maxillary clutch) when the approximate angle
of eminence was paralleled, rather than the Frankfurt line. When a

maxillary clutch was used, the difference was 4.32 pounds (17%).
Table V shows that when a maxillary clutch was not used and the ap
proximate angle of the eminence paralleled, male subjects could protrude

only 3. 21 pounds (9.5%) more than when the Frankfurt line was paralleled.
When a maxillary clutch was used paralleling the approximate angle of the
eminence, it re suited in a 4.0 pound (10%)increase over the Frankfurt line
results.

It is interesting to note that females could exert a significantly

larger percentage of protrusive force than males when the approximate
angle of eminence was paralleled with and without a maxillary clutch.
This may have been due to the msaller maximum force recorded for

females or they may not have given an initial maximum effort.

The standard deviations for the recorded force values appeared to

be quite large in both males and females. However, this was expected
to give a greater range of recorded force due to the different individual
characteristics each patient had.

Klaffenbach's (1936)^^ research on maximum vertical forces most
closely resembled testing procedures used in this experiment. His study
utilized the natural dentition and recorded the maximum closure forces

rather than chewing forces. He observed an average of 150 pounds of
bilateral vertical forces. The horizontal forces recorded in the present

research project ranged from 23 to 60 pounds. Accepting the validity of
the results of these two projects, one could postulate that the maximum
vertical force of closure would exceed the horizontal force by approxi
mately 2.5 to 6.5 times.

This research project has an interesting clinical application.

When the incisal guidance of the anterior teeth is to be altered, whether
it be by tooth movement or by reconstruction techniques, emphasis on
the amount of force to be placed on these teeth must be considered in
order for the proposed alteration to be physiologically acceptable to the
supporting structures. This would prevent drifting of teeth after the
treatment is completed. During mouth reconstruction dentists often build
into the occlusion an incisal guidance angle slightly steeper than the
angle of eminence. This is done to disclude the posteriors in protrusive
movements. When wear causes the loss of this angle, the reestablishment of anterior disclusion in a protrusive direction can only accom

plished by rebuilding the incisal guidance with crowns and bridges. If

the dentist could scientifically determine that the patient could tolerate

a greater incisal guidance angle initially, the protection of the posterior
teeth would be insured for a greater length of time.

If a formula could be devised to relate protrusive forces to known

vertical forces, acceptable incisal guidance angles could be determined
more quickly and accurately. Therefore, further study of protrusive
forces related to vertical forces would seem advisable. To make any
comparison between protrusive and closure forces, both tests should be
conducted on the same individual to eliminate uncontrollable variables

resulting from patient differences.
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Figure 8. Relationship of anatomic and testing forces.
A. 1 Frankfurt plane
B.

Angle of eminence

C. Direction of the majority of the external pterygoid

muscle fibers (35°)^^
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CHAPTER V

SUMMARY AND CONCLUSIONS

This study was designed to determine the effects of certain

variables on the maximum protrusive force of patients. An appliance
was constructed to measure this force on thirteen subjects. The col

lected data was analyzed by computer and significance of comparisons
determined.

There were significant differences in the bilateral protrusive
forces with the use of a maxillary clutch, as well as when the direction
of applied force was varied between males and females.

Results indicated that further research correlating protrusive and
closure forces may prove beneficial.
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ABSTRACT

Much research has been done to determine closure forces of
patients. This study was designed to determine the effect of certain

variables on the maximum protrusive force of patients.

Custom mandibular clutches were fabricated out of blue tray resin
for each patient. A clutch adaptor was fastened to the clutch to secure

the weight testing apparatus. Maximum protrusive forces were recorded
for each patient when the force paralleled the Frankfurt line and the

angle of the eminence. This testing was accomplished with and without
the use of a maxillary clutch, designed to allow the closure muscles to

brace the mandibular guide pin against the maxillary guiding plane.
All thirteen subjects tested could apply significantly more

bilateral protrusive force when the angle of the eminence was paralleled
and a maxillary clutch utilized. The range of bilateral maximum force
for the thirteen patients was about 20-60 pounds.
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